The habitat preferences of the Mediterranean heterobranchs are generally well known; however, some environments, especially those considered poorly structured or of modest biodiversity, have been scarcely studied. Here we evaluate the annual variations in species composition, seasonality and diet preferences of the sea-slug assemblage in an environment of gravel and coarse sand at Noli Cape (northwestern Ligurian Sea), an unconsolidated wave-disturbed community, between 5 m and 20 m depth. The assemblage, studied by means of 64 scuba-diving surveys from January 2015 to December 2016, was found to be extremely rich in terms of biodiversity, reaching 45 recorded species in just 3,000 m 2 (including six new records for the Ligurian Sea), of a total richness, in the entire basin, of about 150 species. Seasonality is a strong feature of the studied species, showing a high frequency of species appearance in winter; overall, 60% of the recorded sea slugs showed a cold affinity, even though the most common species were chiefly endemic ones. An expected finding, in view of the dominant environment, was that most of the species were typical of hard-bottom communities. Despite the high total species richness, the main feature characterizing the assemblage was the poor representation of sponge-eaters (13%), while the majority of the species were cnidarian-eaters (29%), or omnivorous and true predators (24%). Some common sponge-eaters were absent or very rare, because of the lack of their prey. The species composition of the Noli Cape heterobranch assemblage appears strongly related to the presence of their prey which, in turn, directly depends on the effect of hydrodynamism that can be considered the primary constraint. At the same time, the presence of many boreal species, and the evident seasonality with peaks of biodiversity during cold periods, suggest that temperature is also a significant variable.
INTRODUCTION
Ecological knowledge of heterobranchs concerns their biodiversity, diet preferences, defensive strategies and reproductive behaviours (e.g. Miller, 1961; Clark, 1975; Todd, 1981; Thompson & Brown, 1984) , as well as the relationships between species distribution and habitats. The sea slug fauna of the Mediterranean Sea is well known: more than 500 benthic species have been recorded, most of which are small in size, rarely common and sometimes cryptic (Gosliner, Cervera & Ghiselin, 2008; Templado & Villanueva in Coll et al., 2010) . Many species are associated with rocky bottoms and in particular with sublittoral algal associations (e.g. most sacoglossans and aplysiaceans), with hydroid communities (e.g. aeolids), with coralligenous assemblages (e.g. doridaceans) or with seagrass meadows (e.g. Petalifera petalifera, Phyllaplysia lafonti) (Cattaneo-Vietti, 1991 , 2003 Bavestrello et al., 1996; Domenech, Avila & Ballesteros, 2002 , 2006 . Other species are frequent in lagoons and submarine caves (Ros & Gili, 1984; Ros, 1985; Cattaneo-Vietti & Russo, 1987; Cattaneo-Vietti & Chemello, 1991) . Sublittoral muddy bottoms often host Pleurobranchaea meckeli, Gastropteron rubrum, Tethys fimbria and Doris pseudoargus as well as burrowing species (Philine quadripartita, Scaphader lignarius, Armina spp., Cerberilla bernadettae) (Cattaneo-Vietti, 1991; Domenech et al., 2006) , while Pleurobranchus membranaceus and Kaloplocamus spp. are more frequent on offshore detritus bottoms. Finally, Platydoris maculata, associated with the bathyal sponge Thenea muricata, is characteristic of the deep mud community (CattaneoVietti, 1991) . However, some environments, such as infralittoral soft bottoms, and pebble and gravel habitats, are generally less well known, because they are often considered poorly structured or of low biodiversity.
The aim of the present work was to study the variations in species composition, seasonality and diet preferences of the heterobranch assemblage living on gravel and coarse sand at Noli Cape (northwestern Italy), in an unconsolidated wave-disturbed habitat (Ferrari et al., 2014) .
MATERIAL AND METHODS
In order to investigate the sea slug assemblage of the unconsolidated sea bottom community, 64 scuba dives were carried out from January 2015 to December 2016, between 5 and 20 m depth, at Noli Cape (northwestern Ligurian Sea, Mediterranean Sea). Each dive was conducted by the same two divers, beginning around 9:00 a.m. and lasting approximately 1 h. During each dive, a scheduled series of 10 belt transects, 100 m long, was surveyed, covering a total surface area of roughly 3,000 m 2 (Fig. 1A) . The divers recorded the presence of all the benthic organisms encountered. Every observed sea slug was photographed and, in case of difficult identification, collected for further laboratory examination. Biogeographical affinities and temperature affinities of each species, as well as their feeding habits, were obtained from the literature (Cattaneo-Vietti, 1986; Cattaneo-Vietti & Thompson, 1989; McDonald & Nybakken, 1997) .
The field site A steep slope characterizes Noli Cape, ranging from just below the surface up to 40 m deep, exposed to southeasterly winds with a fetch (the distance traversed by wind and waves without obstructions) of about 270 km and a maximal wave height of 5 m (source: Italian Hydrographic Institute, Genoa). The area suffers a continuous impact from professional and recreational fishery activity. In this area, the continental shelf break is extremely close to the shore and deep-water upwellings bring nutrients to the surface (Brasseur et al., 1996; Casella, Molcard & Provenzale, 2011) . The main feature of the area is the presence of unconsolidated bottoms, which are composed equally of very coarse sand, gravel and differently sized pebbles, as observed during preliminary scuba diving surveys in the area by the authors (Fig. 1B) . The sea surface temperature ranged between 12 and 27°C during the two investigated years.
The benthic community was characterized by a poor algal association, dominated by encrusting rhodophyceans and some erect macroalgae, such as Acetabularia acetabulum and Dictyota dichotoma, although in the warmest months of the year some other species were more abundant. Sponges were rare and of few species (Cliona spp., Hemimycale sp.) and did not include the common encrusting Crambe crambe. Among hydroids, several species belonging to the Aglaopheniidae, Eudendriidae and Sertulariidae were frequent. The anthozoans were the most abundant in terms of richness, with 18 recorded species: sea anemones, such as Actinia spp., Anemonia viridis, Aiptasia spp., Halcampoides purpureus and the ceriantharian Pachycerianthus solitarius, were the most abundant (Betti, 2013) . Encrusting bryozoans (Reptadeonella violacea, Schizobrachiella sanguinea, Schizoporella spp., Schizomavella sp.) were abundant and colonial tunicates (Botryllus schlosseri, Polysyncraton lacazei, Diplosoma spongiforme) covered large portions of the gravel and pebbles. The observed faunal species maintained their abundance through the year, except for some sertulariid hydrozoans and the bryozoan Bugula spp., which were more frequent in the colder periods.
RESULTS

Sea slug biodiversity and new records
The heterobranch assemblage at Noli Cape was rich in terms of biodiversity, reaching a total of 45 species out of the total of about 150 species known for the whole Ligurian Sea (Cattaneo-Vietti, 1986; Cattaneo-Vietti & Giovine, 2008) (Table 1) . Doto koenneckeri and Okenia aspersa have been noted as new records for the Italian waters, while Godiva quadricolor was the first record for the Ligurian Sea (Betti, Cattaneo-Vietti & Bava, 2015a, b) .
We report here, for the first time, the presence of what appears to be a new species of Chelidonura. The specimen was not collected.
It was about 2 cm long and uniformly dark reddish to brown in colour (Fig. 1C) . The left caudal lobe, elongated in a thin filament up to 5 mm long, suggested the assignment to the genus Chelidonura, but the colouration did not match that of any known species.
Also unrecorded are the occurrence in the Ligurian Sea of Onchidoris neapolitana (Delle Chiaje, 1841) and Onchidoris pusilla (Alder & Hancock, 1845), the latter feeding on the bryozoan Reptadeonella violacea (Fig. 1C-F) . Specimens of O. neapolitana fitted the original description ( Fig. 1D) and were always found feeding on the bryozoan Schizobrachiella sanguinea; their egg masses were extremely common. One Onchidoris specimen about 8 mm long, characterized by an oval and flattened body, with bristly appearance, dark brown in colour with the margin of the mantle partially speckled in white, white rhinophores and dark gills, was tentatively identified as O. pusilla (Fig. 1E ), although our specimen also corresponds with the Onchidoris sp. reported by Trainito & Doneddu (2015) from northern Sardinia. Three egg masses were found in different surveys, one close to this adult. All of them were laid on the bryozoan R. violacea and consisted of two whorls connected to each other, white in colour and very flattened (Fig. 1F) . The same eggs were recently reported for similar specimens, identified as O. pusilla, from Tossa de Mar (Mediterranean Spain) (GROC website: www.opistobranquis.org).
Substrate associations
Although the substrate was unconsolidated and consisted of gravel and coarse sand, most of the recorded sea slugs were typical of hard-bottoms communities. Only the cephalaspideans Chelidonura sp. and Philinopsis depicta, and the notaspideans Pleurobranchaea meckeli and Pleurobranchus testudinarius, can be considered typical of soft bottoms. The most common species was Flabellina affinis, observed in 62.5% of the surveys, followed by Cratena peregrina (57.8%), F. pedata (56.2%), F. ischitana (46.9%) and O. neapolitana (40.6%). The other species were less abundant (below 20%) ( Table 1) .
Seasonality
The majority of the species showed a sporadic presence, occasionally with seasonal trends, probably related to annual water temperature variations, as no seasonal fluctuations of other factors were observed. The winter time appeared to be the most suitable season for the majority of the species, when up to 12 species were recorded in one survey, compared with an annual average presence of 4 ± 2.5 species per survey, while the periods of highest water temperature corresponded to the lowest numbers of species ( Fig. 2A) . All the sacoglossans were more frequent at the end of winter and in spring, and completely disappeared in summer. Aeolids were generally more abundant in winter and spring, as in the case of Cuthona caerulea, while Eubranchus farrani was rarer and recorded only during the coldest months. On the contrary, C. peregrina was the most common nudibranch throughout the year. Other heterobranchs, such as Aplysia depilans, A. parvula and Notarchus punctatus, were occasional.
The most frequent species were exclusively endemic to the Mediterranean Sea (and the Atlantic coasts adjacent to the Gibraltar Strait) or of boreal distribution (i.e. including northern Atlantic coasts from Portugal to Scandinavia and British Isles). Of the total of 45 species, 60.0% were of boreal occurrence and hence cold affinity, while the endemics accounted for 22.2%. Species of warm affinity and widespread species were uncommon. In general, the percentage of boreal species was slightly higher than the average recorded for the whole Mediterranean Sea (Cattaneo-Vietti & Thompson, 1989) , indicating a shift towards cold chorotype species (Fig. 2B ).
Feeding habits
Regarding the feeding habits, seven groups were recognized. The majority of the observed species were cnidarian-eaters (28.9%), or omnivorous and true predators (24.4%) (Fig. 3A) ; in the latter category, we included species with a generalist diet and predators of sea slugs or other vagile invertebrates, to be distinguished from predators of sessile organisms (i.e. cnidarians, sponges, bryozoans or tunicates). In the first category, athecate hydroid-eaters, such as C. peregrina, F. affinis, F. pedata and F. ischitana were frequent, while nudibranchs feeding on thecate hydroids (C. caerulea, E. farrani, Doto cf. coronata, D. koenneckeri) were sporadic. Sea anemone-eaters (Berghia coerulescens, B. verrucicornis, Spurilla neapolitana) were occasional. Generalist predators were abundant in numbers of species, but rarely observed. Among the bryozoan-eaters, only O. neapolitana, which feeds on S. sanguinea, was frequent, while others, such as Polycera quadrilineata, Diaphorodoris papillata, D. luteocincta, Janolus cristatus and Onchidoris pusilla, were occasional. Okenia aspersa, a tunicate-eater, was found only once. The oophagous Favorinus branchialis, usually extremely rare, appeared to be relatively frequent and was observed in 7.8% of the surveys, mainly feeding on the eggs of Onchidoris spp. Despite the high total species richness, the main feature characterizing this assemblage was the scarcity of sponge-eaters; only six species were recorded (Berthellina sp., Felimare picta, Felimare tricolor, Felimida krohni, Platydoris argo, Tayuva lilacina), accounting for 13.3% of the total. Moreover, all of them were spotted only once, except for F. krohni, which was recorded twice (Fig. 3B) .
The abundance and frequency of the different feeding classes along the considered years reflected the drastic drop of biodiversity observed during the warmest months, but cnidarian-eaters remained the most frequent species in every season (Fig. 3C) .
DISCUSSION
In the Mediterranean Sea, the ecological strategies of heterobranch were first described by Ros (1980) , who divided them into two large groups, according to their life cycles, food preferences and reproductive strategies, and identified the taxonomic groups more linked to soft and hard bottoms. Our research examined the species composition, temporal variations and diet preferences of a Mediterranean heterobranch assemblage living in an unconsolidated and wave-disturbed habitat, a generally poorly known shallow water environment. The assemblage was poorly structured, reflecting the sparsity of algal coverage and the absence of perennial structural species. Within this habitat, the subdivisions proposed by Ros (1980) were not so evident and the whole assemblage did not seem to be directly influenced by the type of substrate; most of the recorded species were typical of hard-bottom communities, although the habitat was characterized by a substrate of coarse sand, gravel, pebbles and cobbles. The species richness in the present study was relatively high (45 species), of which half (23 species) were only observed in one of 64 surveys. Curiously, the same total species number was found also in the only similar habitat studied so far, near Cadaqués (Costa Brava, Spain) (Domenech et al., 2002) , but in this latter case the species list was widely different both in qualitative and quantitative terms, suggesting remarkable structural differences of heterobranch assemblages across the Western Mediterranean. The Cadaqués assemblage could be affected by the presence of more Atlantic species, being closer than Noli Cape to the Gibraltar Strait. Such differences underline the richness of the Mediterranean biodiversity and confirm the spatial variability of heterobranch assemblages over scales of just a few kilometres (Smith & Nimbs, 2017) . More strikingly, cnidarians were dominant at all seasons in the present study, whereas boulders forming a substrate for sponges were present at the Costa Brava site and hence sponge-feeding heterobranchs were much more numerous in that study.
Our assemblage showed a strong seasonality, with peaks in diversity during the two winter periods, due to the particular abundance of boreal species, even though the most common species were endemics. This result is consistent with the fact that the western Ligurian Sea is one of the coldest areas of the Mediterranean basin (Picco, 1990) .
Regarding trophic groups, sponge-eaters were always scarce, both in term of species richness and frequency, while cnidarian-eaters remained the most common species in every season. This is related to the locally strong water movements (Ferrari et al., 2014) and consequent instability of the substrate, which in turn determines the presence and abundance of the sessile organisms that constitute the main food for sea slugs. Under these conditions only a few sessile species, often opportunistic ones, are able to settle and to remain. The slow-growing massive sponges, for example, are not favoured, while fast-growing groups (hydroids, bryozoans, ascidians) can survive. So, some very common Mediterranean sponge-feeding nudibranchs, such as the doridacean Peltodoris atromaculata as well as others belonging to the genera Felimida and Felimare, were absent or very rare, because of the lack of their prey. Food supply is recognized as a fundamental ecological factor for habitat selection by heterobranchs (Sanvicente-Añorve et al., 2012) . Most studies on heterobranch assemblages in the Mediterranean and elsewhere have studied hardbottom habitats such as reefs or rocky shores (e.g. Nybakken, 1978; Su et al., 2009; Sanvicente-Añorve et al., 2012; Smith & Nimbs, in press) . As most of the species in the present study were also hardbottom ones, some comparisons can be made. Nybakken (1978) studied an intertidal assemblage of nudibranchs and found nine dominant species that were stable over 40 months and a total of 31 species. Two species were bryozoan-feeders, one a cnidarian-feeder and the remaining six species were all sponge-feeders. Although the number of species fluctuated from one month to another, no seasonal pattern was evident. In another nudibranch assemblage from a rocky reef site in Taiwan, the maximum number of species was seen in the warmest months (Su et al., 2009) . In that study 74 species were recorded in 62 dives, but none could be said to be dominant. The largest number of species were sponge-feeding chromodorids.
In conclusion, we consider water movement to be the primary determinant of the heterobranch assemblage in the studied environment, through its effect on prey availability. The role of turbulence has previously been neglected in ecological studies on heterobranch assemblages. In addition, the high number of species recorded during cold periods suggests that, in the Mediterranean, the seawater temperature also affects species composition. The role of temperature in structuring heterobranch assemblages in different ways has already been underlined by different authors, such as Clark (1975) in the northwestern Atlantic and Bertsch, Gosliner & Wharton (1972) in California. As the Noli Cape sea slug assemblage is largely boreal in composition, we note that this community could be monitored as a sentinel of global warming. The recent record of the alien warm-affinity sea hare Aplysia dactylomela (Bernat & Molinari, 2016 ) from a nearby area could support this suggestion. Furthermore, the extension of the southern limits of some heterobranchs along the Eastern coast of Australia have been linked to climatic warming (Nimbs, Willan & Smith, 2015) .
